Contents of Volume 2 (Appendices)
XVI. Virtual water content of crop and livestock products for some selected countries (1997) (1998) (1999) (2000) (2001) XVII. Virtual water content of industrial products and virtual water flows related to the trade of industrial products (1997) (1998) (1999) (2000) (2001) XVIII. Virtual water flows per country related to international trade of crop, livestock and industrial products (1997) (1998) (1999) (2000) (2001) XIX. International virtual water flows by product (1997) (1998) (1999) (2000) (2001) XX. Water footprints of nations XXI. Water footprint versus water scarcity, self-sufficiency and water import dependency per country XXII.
Overview of extensions and refinements with respect to earlier studies
XXIII. Glossary

Summary
The water footprint concept has been developed in order to have an indicator of water use in relation to consumption of people. The water footprint of a country is defined as the volume of water needed for the production of the goods and services consumed by the inhabitants of the country. Closely linked to the water footprint concept is the virtual water concept. Virtual water is defined as the volume of water required to produce a commodity or service. International trade of commodities implies flows of virtual water over large distances. The water footprint of a nation can be assessed by taking the use of domestic water resources, subtract the virtual water flow that leaves the country and add the virtual water flow that enters the country.
The internal water footprint of a nation is the volume of water used from domestic water resources to produce the goods and services consumed by the inhabitants of the country. The external water footprint of a country is the volume of water used in other countries to produce goods and services imported and consumed by the inhabitants of the country. The study aims to calculate the water footprint for each nation of the world for the period 1997-2001.
The use of domestic water resources comprises water use in the agricultural, industrial and domestic sectors. The total volume of water use in the agricultural sector is calculated based on the total volume of crop produced and its corresponding virtual water content. The virtual water content (m 3 /ton) of primary crops is calculated based on crop water requirements and yields. The crop water requirement of each crop is calculated using the methodology developed by FAO. The virtual water content of crop products is calculated based on product fractions (ton of crop product obtained per ton of primary crop) and value fractions (the market value of one crop product divided by the aggregated market value of all crop products derived from one primary crop). The virtual water content (m 3 /ton) of live animals is calculated based on the virtual water content of their feed and the volumes of drinking and service water consumed during their lifetime. The calculation of the virtual water content of livestock products is again based on product fractions and value fractions. Virtual water flows between nations are derived from statistics on international product trade and the virtual water content per product in the exporting country.
The global volume of water used for crop production, including both effective rainfall and irrigation water, is 6390 Gm 3 /yr. In general, crop products have lower virtual water content than livestock products. For example, the global average virtual water content of maize, wheat and rice (husked) is 900, 1300 and 3000 m 3 /ton respectively, whereas the virtual water content of chicken meat, pork and beef is 3900, 4900 and 15500 m 3 /ton respectively. However, the virtual water content of products strongly varies from place to place, depending upon the climate, technology adopted for farming and corresponding yields. The global volume of virtual water flows related to the international trade in commodities is 1625 Gm 3 /yr. About 80% of these virtual water flows relate to the trade in agricultural products, while the remainder is related to industrial product trade. People use lots of water for drinking, cooking and washing, but even more for producing things such as food, paper, cotton clothes, etc. The water footprint of an individual, business or nation is defined as the total volume of freshwater that is used to produce the goods and services consumed by the individual, business or nation.
Since not all goods consumed in one particular country are produced in that country, the water footprint consists of two parts: use of domestic water resources and use of water outside the borders of the country. In order to
give a complete picture of water use, the water footprint includes both the water withdrawn from surface and groundwater and the use of soil water (in agricultural production).
The water footprint concept was introduced by Hoekstra in 2002 in order to have a consumption-based indicator of water use that could provide useful information in addition to the traditional production-sector-based indicators of water use. Databases on water use traditionally show three columns of water use: water withdrawals in the domestic, agricultural and industrial sector respectively. A water expert being asked to assess the water demand in a particular country will generally add the water withdrawals for the different sectors of the economy. Although useful information, this does not tell much about the water actually needed by the people in the country in relation to their consumption pattern. The fact is that many goods consumed by the inhabitants of a country are produced in other countries, which means that it can happen that the real water demand of a population is much higher than the national water withdrawals do suggest. The reverse can be the case as well:
national water withdrawals are substantial, but a large amount of the products are being exported for consumption elsewhere.
The water footprint has been developed in analogy to the ecological footprint concept as was introduced in the second half of the 1990s (Wackernagel and Rees, 1996; Wackernagel et al, 1997; Wackernagel and Jonathan, 2001 ). The 'ecological footprint' of a population represents the area of productive land and aquatic ecosystems required to produce the resources used, and to assimilate the wastes produced, by a certain population at a specified material standard of living, wherever on earth that land may be located. Whereas the 'ecological footprint' thus shows the area needed to sustain people's living, the 'water footprint' indicates the annual water volume required to sustain a population.
The first assessment of water footprints of nations was carried out by Hoekstra and Hung (2002) . A more extended assessment was done by Chapagain and Hoekstra (2003a) . We can now easily say that the previous studies should be considered as rudimentary. The current study attempts to improve the assessment through using more accurate basic data, covering more products than before and by refining the methodology where it appeared necessary.
Virtual water flows between nations: countries making use of water resources elsewhere in the world
The water footprint concept is closely linked to the virtual water concept. Virtual water is defined as the volume of water required to produce a commodity or service. The concept was introduced by Allan in the early 1990s (Allan, 1993 (Allan, , 1994 when studying the option of importing virtual water (as opposed to real water) as a partial solution to problems of water scarcity in the Middle East. Allan elaborated on the idea of using virtual water import (coming along with food imports) as a tool to release the pressure on the scarcely available domestic water resources. Virtual water import thus becomes an alternative water source, next to endogenous water sources. Imported virtual water has therefore also been called 'exogenous water ' (Haddadin, 2003) .
When assessing the water footprint of a nation, it is essential to quantify the flows of virtual water leaving and entering the country. If one takes the use of domestic water resources as a starting point for the assessment of a nation's water footprint, one should subtract the virtual water flow that leaves the country and add the virtual water flow that enters the country.
In the past few years a number of studies have become available that show that the virtual water flows between nations are substantial. All studies showed that the global sum of international virtual water flows must exceed 1000 billion cubic metres per year (Hoekstra and Hung, 2002; Chapagain and Hoekstra, 2003a; Zimmer and Renault, 2003; Oki et al., 2003) .
Knowing the virtual water flows entering and leaving a country can put a completely new light on the actual water scarcity of a country. Jordan, as an example, imports about 5 to 7 billion cubic metre of virtual water per year (Chapagain and Hoekstra, 2003a; Haddadin, 2003) , which is in sheer contrast with the 1 billion cubic metre of annual water withdrawal from domestic water sources. As another example, Egypt, with water selfsufficiency high on the political agenda and with a total water withdrawal inside the country of 65 billion cubic metre per year, still has an estimated net virtual water import of 10 to 20 billion cubic metre per year (Yang and Zehnder, 2002; Chapagain and Hoekstra, 2003a; Zimmer and Renault, 2003) .
In an open world economy, according to international trade theory, the people of a nation will seek profit by trading products that are produced with resources that are abundantly available within the country for products that need resources that are scarcely available. People in countries where water is a comparatively scarce resource, could thus aim at importing products that require a lot of water in their production (water-intensive products) and exporting products or services that require less water (water-extensive products). This import of virtual water (as opposed to import of real water, which is generally too expensive) will relieve the pressure on the nation's own water resources. For water-abundant countries an argumentation can be made for export of virtual water.
Objective of the study
The objective of this study is to assess and analyse the water footprints of nations. Given the available data, it has been chosen to use the years 1997-2001 as the period of analysis. National water footprints can be assessed in two ways. The bottom-up approach is to consider the sum of all goods and services consumed multiplied with their respective virtual water content, where the virtual water content of a good will vary as a function of place and conditions of production. In the top-down approach, the water footprint of a nation is calculated as the total use of domestic water resources plus the virtual water flows entering the country minus the virtual water flows leaving the country. This study aims to apply the top-down approach. Subsequent study will be aimed to adopt the bottom-up approach.
This study builds on two earlier studies. Hoekstra and Hung (2002) 
Method
Calculation of the water footprint of a nation
The water footprint of a country (WFP, m 3 /yr) is equal to the total volume of water used, directly or indirectly, to produce the goods and services consumed by the inhabitants of the country. A national water footprint has two components, the internal and the external water footprint:
The internal water footprint (IWFP) is defined as the use of domestic water resources to produce goods and services consumed by inhabitants of the country. It is the sum of the total water volume used from the domestic water resources in the national economy minus the volume of virtual water export to other countries insofar related to export of domestically produced products (VWE dom , m 3 /yr).
The first three components represent the total water volume used in the national economy (in m 3 /yr): AWU is the agricultural water use, taken equal to the evaporative water demand of the crops, and IWW and DWW are the water withdrawals in the industrial and domestic sectors respectively. The agricultural water use includes both effective rainfall (the portion of the total precipitation which is retained by the soil so that it is available for use for crop production (FAO, 2004 ) and the part of irrigation water used effectively for crop production. Here we do not include irrigation losses in the term of agricultural water use assuming that they largely return to the resource base and thus can be reused.
The external water footprint (EWFP) of a country is defined as the annual volume of water resources used in other countries to produce goods and services consumed by the inhabitants of the country concerned. It is equal to the so-called virtual water import into the country (VWI, m 3 /yr) minus the volume of virtual water exported to other countries as a result of re-export of imported products (VWE re-export ).
Both the internal and the external water footprint include the use of blue water (ground and surface water) and the use of green water (moisture stored in soil strata).
In order to make cross-country comparisons, it is useful to calculate the average water footprint per capita per 
Use of domestic water resources
Water use for crop production
The total volume of water use to produce crops in a country (AWU, m 3 /yr), is calculated as:
where CWU (m 3 /yr), crop water use, is the total volume of water used in order to produce a particular crop.
Here, CWR is the crop water requirement measured at field level (m 3 /ha), Production the total volume of crop c produced (ton/yr) and Yield the production volume of crop c per unit area of production (ton/ha).
'Crop water requirement' is defined as the total water needed for evapotranspiration, from planting to harvest for a given crop in a specific climate regime, when adequate soil water is maintained by rainfall and/or irrigation so that it does not limit plant growth and crop yield (Allen et al., 1998) . Under standard conditions when a crop grows without any shortage of water, the crop evapotranspiration is equal to the CWR of a crop. By taking crop water requirements as an indicator of actual crop water use, we implicitly assume that the crop water requirements are fully met. This leads to an overestimation of actual crop water use. On the other hand, however, we underestimate the water needs to grow crops by excluding irrigation losses and drainage requirements from our analysis. In order to reduce the error made when taking crop water use a function of crop water requirement, countries where crop yields are very low due to water constraints have been left out from the analysis.
The crop water requirement is calculated by accumulation of data on daily crop evapotranspiration ET c (mm/day) over the complete growing period.
Where the factor 10 is meant to convert mm into m 3 /ha and where the summation is done over the period from day 1 to the final day at the end of the growing period (lp stands for length of growing period in days). The crop water requirement of rice cannot be calculated directly using Equation 7. In addition to evapotranspiration from the paddy field, there is a considerable amount of percolation from the field, which varies with the soil type and ground water table at the farm. Assuming that rice is normally grown in a loam and loamy clay, we have added 300 mm of water for percolation during plantation period. s
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The crop evapotranspiration per day follows from multiplying the reference crop evapotranspiration ET 0 with
The reference crop evapotranspiration is the evapotranspiration rate from a reference surface, not short of water. As the crop develops, the ground cover, crop height and the leaf area change. Due to differences in evapotranspiration during the various growth stages, the K c for a given crop will vary over the growing period.
The growing period can be divided into four distinct growth stages: initial, crop development, mid-season and late season (Figure 2 .2).
Figure 2.2. Crop growth stages for different types of crops (Allen et al., 1998).
The initial stage runs from planting date to approximately 10% ground cover. The length of the initial period is highly dependent on the crop, the crop variety, the planting date and the climate. For perennial crops, the planting date is replaced by the 'green up' date, i.e., the time when the initiation of new leaves occurs. During the initial period, the leaf area is small, and evapotranspiration is predominately in the form of soil evaporation. Therefore, the K c during the initial period is large when the soil is wet from irrigation and rainfall and is low when the soil surface is dry.
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The crop development stage runs from 10% ground cover to effective full cover, which for many crops occurs at the initiation of flowering. As the crop develops and shades more and more of the ground, evaporation becomes more restricted and transpiration gradually becomes the major process. During the crop development stage, the K c value corresponds to the extent of ground cover. Typically, if the soil surface is dry, K c = 0.5 corresponds to about 25-40% of the ground surface covered by vegetation. A K c value of 0.7 often corresponds to about 40-60% ground cover. These values will vary, depending on the crop, frequency of wetting and whether the crop uses more water than the reference crop at full ground cover.
The mid-season stage runs from effective full cover to the start of maturity. The start of maturity is often indicated by the beginning of the ageing, yellowing or senescence of leaves, leaf drop, or the browning of fruit to the degree that the crop evapotranspiration is reduced relative to the reference ET o . The mid-season stage is the longest stage for perennials and for many annuals, but it may be relatively short for vegetable crops that are harvested fresh for their green vegetation. In the mid-season stage K c has its maximum value and remains constant. Deviation of K c from the reference value '1' is primarily due to differences in crop height and resistance between the grass reference surface and the actual crop surface.
The late season stage runs from the start of maturity to harvest or full senescence. The calculation of crop evapotranspiration is presumed to end when the crop is harvested, dries out naturally, reaches full senescence, or experiences leaf drop. For some perennial vegetation in frost-free climates, crops may grow year round so that the date of termination may be taken the same as the date of 'planting'. The K c value at the end of the late season stage reflects crop and water management practices. The K c value is high if the crop is frequently irrigated until harvested fresh. If the crop is allowed to senesce and to dry out in the field before harvest, the K c value will be small. 
Net radiation (R n )
The net radiation is the difference between the incoming net shortwave radiation (R ns ) and the outgoing net longwave radiation (R nl ):
The net shortwave radiation (R ns, ) resulting from the balance between incoming and reflected solar radiation is given by: The extraterrestrial radiation, R a , for each day of the year and for different latitudes can be estimated from the solar constant, the solar declination and the time of the year. Where J is the number of the day in the year between 1 (1 January) and 365 or 366 (31 December). The latitude, , expressed in radians is positive for the northern hemisphere and negative for the southern hemisphere. The sunset hour angle, s , is given by:
Soil heat flux (G)
Complex models are available to describe soil heat flux. Because soil heat flux is small compared to R n , particularly when the surface is covered by vegetation, for monthly average G, we can use the following: 
Water use in the industrial and domestic sectors
For data on water use in the industrial and domestic sectors we use available statistics. The industrial water withdrawal includes process water required in different stages of production. Domestic water withdrawal incorporates the blue water withdrawn to meet the per capita demand for household and municipal consumption.
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The export of domestic water resources and the import of foreign water resources
Virtual water content of primary crops
The virtual water content of a crop c in a country (m 3 /ton) is calculated as the ratio of total water used for the production of crop c to the total volume of crop produced in that country.
c Production c CWU c VWC (27) where CWU [c] is the volume of water use at farm level for the production of crop c in the country (m 3 /yr) and Production [c] the total volume of crop c produced per year in the country (ton/yr).
Virtual water content of live animals
The virtual water content of an animal at the end of its life span is defined as the total volume of water that was used to grow and process its feed, to provide its drinking water, and to clean its housing and the like. It depends on the breed of an animal, the farming system, the feed consumption and the climatic conditions of the place where the feed is grown.
There are three components to the virtual water content (VWC) of a live animal a: [a] represent the virtual water content of animal a related to feed, drinking water and service water consumption respectively, expressed in cubic metres of water per ton of live animal.
The virtual water content of an animal at the end of its life span from the feed consumed has two parts. The first is the actual water that is required to prepare the feed mix and the second is the virtual water incorporated in the The virtual water content of an animal from the service water used is equal to the total volume of water used to clean the farmyard, wash the animal and other services necessary to maintain the environment during the entire [a] are the daily drinking water requirement and the daily service water requirement of the animal respectively (m 3 /day).
Virtual water content of processed crop and livestock products
The virtual water content of a processed product depends on the virtual water content of the primary crop or live animal from which it is derived. The virtual water content of the primary crop or live animal is distributed over the different products from that specific crop or animal. We have assumed that each individual crop or livestock product p comes from one and only one particular type of primary crop c or live animal a. For simplification it is further assumed that a product p exported from a certain country e is actually produced from a primary crop c or animal a grown within that country using the domestic resources only.
For the sake of systematic analysis we assume 'levels of production'. The products derived directly from a primary crop or a live animal are called primary products. For example, cows produce milk, a carcass and skin as their primary products. From paddy (rice) we get husked rice as a primary crop product. From soybean we get soybean crude oil and soybean oil cakes as primary crop products. Some of these primary products are further processed into so-called secondary products, such as cheese and butter made from the primary product milk, flour made from husked rice and meat and sausage processed from the carcass.
The virtual water content of a processed product from a primary crop or a live animal includes (part of) the virtual water content of the primary crop or live animal plus the processing water needed. of live animal a. Generally the product fraction is less than one, because the product is derived from just part of the animal or crop. However, if a product is obtained during the lifetime of an animal, as in the case of milk and eggs, the pf can be greater than one (Chapagain and Hoekstra, 2003a) .
If there are more than two products obtained while processing a primary crop or a live animal, we need to distribute the virtual water content of the primary crop or the live animal to its products based on value fractions and product fractions. The value fraction, vf [p] , of a product is the ratio of the market value of the product to the aggregated market value of all the products obtained from the primary crop or live animal:
The denominator is totalled over the primary products that originate from the primary crop c or the animal a. In a similar way we can calculate the virtual water content for secondary and tertiary products, etc. The first step is always to obtain the virtual water content of the input (root) product and the water necessary to process it. The total of these two elements is then distributed over the various output products, based on their product fraction and value fraction. The list of crop products and their product fractions is presented in Appendix X. Neglecting process water requirements, the virtual water content of the two products from soybean can be calculated as: 
The variable v[p] is the market value of product p (US$/ton
VWC
Virtual water flows related to the trade in agricultural products
International virtual water flows related to trade in agricultural products are calculated by multiplying the trade volumes with their respective virtual water content. The virtual water content of a traded crop or livestock product depends on where and how the product has been produced. We assume here that the products have been produced in the exporting country.
The virtual water flow VWF (m 3 /yr) from exporting country e to importing country i as a result of export of an agricultural product p can be calculated as: Here, PT represents the product trade (ton/yr) from exporting country e to importing country i while VWC is the virtual water content (m 3 /ton) of product p in the exporting country.
Virtual water flows related to the trade in industrial products
The virtual water content of an industrial product can be calculated in a similar way as described earlier for agricultural products. There are however numerous categories of industrial products with a diverse range of production methods and detailed standardised national statistics related to the production and consumption of industrial products are hard to find. As the global volume of water withdrawn in the industrial sector is only 716 The total volume of virtual water exported from country e as a result of export of industrial products (VWE) is obtained by multiplying the export value of industrial products by the virtual water content per dollar (VWC The virtual water import related to the import of industrial products (VWI) is calculated using the global average virtual water content in the industrial sector (VWC g 
Virtual water balance of a country
The difference between total virtual water import and total virtual water export is the virtual water flow balance of the country in the time period concerned. If the balance is positive it implies net virtual water being imported and if it is negative there is net export of virtual water.
The various steps in the calculation of virtual water flows leaving and entering a country are presented schematically in Figure 2 .5. 
Water scarcity, water self-sufficiency and water import dependency of a nation
We define water scarcity (WS) of a nation as the ratio of the nation's water footprint (WFP) to the nation's water availability (WA).
100 WA WFP WS (41) The national water scarcity can be more than 100% if there is more water needed for producing the foods and services consumed by the people of a nation than is available in the country. As a measure of water availability we take here the 'total renewable water resources (actual)' as defined by FAO in their AQUASTAT database.
We define water import dependency (WD, %) of a nation as the ratio of the external water footprint (EWFP, Self-sufficiency is 100% if all the water needed is available and indeed taken from within the own territory.
Water self-sufficiency approaches zero if the demands of goods and services in a country are heavily met with gross virtual water imports, i.e. it has relatively large external water footprint in comparison to its internal water footprint.
3.
Scope and data
Country coverage
For the calculation of reference evapotranspiration, crop water requirement and consequently virtual water content of different primary crops we have taken 210 countries (see Appendix II) for which the production and yield data are available in the on-line database of FAO (FAOSTAT, 2004) . 
Product coverage
The total water footprint is calculated as the sum of the use of domestic water resources and virtual water import minus virtual water export. The use of domestic water resources is the sum of three components: volume of industrial water withdrawal, volume of domestic water withdrawal and crop evapotranspiration. Data on domestic water withdrawals have been taken from AQUASTAT (FAO, 2003f, g ). We have assumed that the domestic water withdrawal is equal to the consumption. The study covers all the industrial products through a relatively simple approach. Per country, we simply consider total industrial water withdrawal as reported in AQUASTAT (FAO, 2003f, g ). The volume of water used for crop production (crop evapotranspiration) in a country is estimated using the production data per country covering 164 types of primary crops (as defined in FAOSTAT, 2004) . The list of primary crops and their product codes in FAOSTAT is presented in Appendix III.
The volume of virtual water export or import is calculated based on the international trade of products and their virtual water content. As for trade in agricultural products, we have taken trade data from PC-TAS (2004) . The 28 relevant product groups in PC-TAS are presented in As various other data necessary for the present analysis are not readily available, we have selected 285 crop products and 123 livestock products from these 28 relevant product groups in PC-TAS. The various products and their product codes as used in PC-TAS are listed in Appendix IV. A number of products have been excluded in our analysis because of the absence of proper data sets. Not included for instance are cigars and cigarettes (part of group BN), synthetic fibres and wool (group LA), honey (group BH), mushrooms (group BA), alcoholic beverages such as whiskies and rum (group CD) some specific herbs and spices (group BC), reptile skins (group HA), reptile leathers (group HB), fish (group AY) and animal fats (group DC). Also not included are products such as feathers, dead animals, silk-worm cocoons and skin of birds (group AZ).
Cotton lint and garneted stock of cotton (group LA) are included. But it is worthwhile to mention that out of the large number of textile and related products (groups LA to LZ), only the products from group LA are covered in the present study. Textile products in the groups fibre waste (LB), textile yarns and threads (LC), textile fabrics (LD) etc. include products derived from different primary products such as cotton, artificial fibres, wool or a mix of different materials. These products are quite diverse in nature and are made up of from crop and artificial fibres which are not categorically specified in the trade database.
As for trade in industrial products, we have taken trade data from the World Trade Organisation (WTO, 2004a, b) . Virtual water imports and exports are calculated by multiplying monetary data on international trade of industrial products by country specific data on the average virtual water content per dollar of industrial products.
In this approach, all industrial products are included implicitly.
Input data
Population, land and water resources
Data on population per country have been taken from the World Bank online database (World Bank, 2004) . The export data do not categorically specify whether they refer to the export of goods that are produced domestically or the re-export of imported products. 
Climate data
The country average data for actual vapour pressure (e a ), daily maximum temperature (T max ), daily minimum temperature (T min ) and percentage cloud cover (1-n/N) for each country are taken from the on-line database of the Tyndall Centre for Climate Change and Research (Mitchell, 2003) . The data available here are averages over the recent past (1961-90) for nine climate variables. The latitude ( ) and the average elevation (z) are taken for the capital of each country.
The data for wind speed (U 2 ) are taken from the database CLIMWAT (FAO, 2003b) for 140 countries and territories (Appendix II). For many countries climatic data are available for a number of climate stations. In this study we have taken the wind speed data for the climate station at or nearby the capital of the country. For countries where wind speed data were absent at all, we have taken data from the neighbouring country with similar climate. In some remaining cases we have adopted an average wind speed of 2 m/s as recommended by Allen et al. (1998) .
Crop parameters
Countries in different climatic regions generally grow different crop varieties, which often have different crop parameters. The planting date also varies from country to country. The selection of crop type and suitable growing period for a particular type of crop in a country largely depends upon the climate of the country and many other factors like local customs, traditions, social structure, existing norms and policies. Here we have broadly assumed that the current practices adopted by the farmers are already best alternatives and the crops grown in similar climatic regions share similar crop parameters.
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We have grouped countries into 10 different groups based on their climatic character. The different climates and their characteristics are presented in Table 3 .2. This classification is based on the definition of different thermal climatic regions given by FAO (2003c). 
Tropics
All months with monthly mean temperatures, corrected to sea level, above 18° C.
Subtropics summer rainfall
One or more months with monthly mean temperatures, corrected to sea level, below 18 °C but above 5 °C.
Northern hemisphere: rainfall in April-September rainfall in October-March.
Southern hemisphere: rainfall in October-March rainfall in April-September.
Subtropics winter rainfall
Northern hemisphere: rainfall in October-March rainfall in April-September.
Southern hemisphere: rainfall in April-September rainfall in October-March.
Oceanic temperate
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and four or more months above 10° C. Seasonality 2 less than 20°C.
Sub-continental temperate
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and four or more months above 10° C. Seasonality 2 20-35° C.
Continental temperate
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and four or more months above 10° C. Seasonality 2 more than 35° C.
Oceanic boreal
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and more than one but less than four months above 10° C. Seasonality 2 less than 20° C.
Sub-continental boreal
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and more than one but less than four months above 10° C. Seasonality 2 20-35° C.
Continental boreal
At least one month with monthly mean temperatures, corrected to sea level, below 5°C and more than one but less than four months above 10° C. Seasonality 2 more than 35° C.
Polar/Artic All months with monthly mean temperatures, corrected to sea level, below 10° C. 1 Source: FAO (2003c) 2 Seasonality refers to the difference in mean temperature of the warmest and coldest month.
Crop coefficients K c for different crops are taken from FAO (Table 12 in Allen et al., 1998) . Whenever data for different crop parameters are not available for a particular crop type, the crops are first sorted out into different crop groups as defined by Allen et al. (1998) such as legumes, small vegetables, tropical tree and others. Then group average values of crop parameters for these crops are taken. The planting dates and cropping calendar are chosen based on the best available data. Crop calendars for some important crops are available for 90 countries in a study made by FAO (2003e) . Data for crop lengths of different crops grown in different parts of the globe are available in FAO (Table 11 in Allen et al., 1998) . The crop parameters per primary crop per climatic region are tabulated in Appendix VI. 
Crop production volumes and crop yields
Product fractions and value fractions of crop and livestock products
Crop and livestock products have been arranged in product trees, some of which are presented in Appendix IX.
For each product, we have assumed a constant set of product fractions pf and value fractions vf across the globe.
The product fractions for various crop and livestock products are derived from different commodity trees as defined in FAO (2003h) and production data from other sources. Based on the average world market price (Appendix IV) the value fraction vf for each product is calculated using Equation 34 and the results are presented in Appendix X. The virtual water content of a product is directly proportional to its vf and inversely proportional to its pf.
Process water requirements
The volume of process water requirement depends upon the type of product processed and the technology involved. For any specific product the processing water requirement is more or less the same across different countries. There are minor variations, based on the efficiency of water use depending on recycling percentage, cooling processes, etc. As the processing water is only a small part of the virtual water content of a crop or a livestock product, it will not affect the end results of the study if we assume one constant value for a specific product across the globe. The data for processing of livestock products are taken from Chapagain and Hoekstra (2003a) . For crop products we have assumed that the processing water requirement is relatively small compared to the virtual water content of the primary crop and we have neglected these values in the subsequent calculation of the virtual water content of the processed crop products.
